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Synopsis
The amorphous FelOO_xBx alloys with 18 2 x 2 42
were prepared by applying a rf-sputtering technique.
The chemical composition of the sputtered films was
well controlled by varying the area ratio of B plate to
Fe plate, which were used as a composite target.
The crystallization temperature of the amorphous
films linearly rises with increasing of B content up to
x = 36, but falls in a composition range of 36 < x 2 42.
The amorphous FelOO_xBx films exhibited ferromagnetism
in the whole compositions studied in the present work.
-The internal magnetic field of the amorphous films
decreases with increasing of B content, since the
charge transfer increases with B atom in the system
FelOO_xBx'
1. Introduction
Recent progress of the technique for glass formation has made it
possible to produce various non-crystalline materials such as ferro-
magnetic amorphous alloys, which were difficult to obtain by a con-
ventional glass-melting method.
Ferromagnetism in an amorphous alloy was first observed in vapor
-deposited Co-Au filmCl). Unfortunately, the alloy was structurally
unstable at room temperature. More stable ferromagnetic amorphous
alloys were subsequently obtained in the system of transition metals
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and metalloids (2-3). The amorphous Fe80B20 alloy, which is one of
such alloys, exhibits ferromagnetism with saturation induction of
about 16 kG and low coercive force, ranging from 0.1 to 0.2 Oe, being
promised as an excellent soft magnetic material. The amorphous
FelOO_xBx alloy has been prepared by a continuous rapid-quenching
technique, but their chemical composition was limited in a range of
12 < x < 25 (4-5).
In the present work, synthesis of the amorphous FelOO_xBx alloy
with a wide range of chemical composition was attempted by applying
rf-sputtering technique, and then the effects of boron atoms, a
metalloid element, on the properties of the sputtered anorphous films
were studied by measuring the dependence of the properties for the
composition. It was also examined whether the properties of the
amorphous alloy obtained by rapid-quenching were different from those
of the sputtered film with the same composition or not.
2. Experimental Procedure
The rf-sputtering apparatus
used for preparation of amorphous
film is a ULVAC-SBR-ll04 type.
The electrode construction is shown
in Fig. 1. The chamber includes
a pair of water-cooled electrodes
and a shutter. A target was
placed on the lower electrode and
a substrate was attached to the
center of the upper electrode.
The target used for co-sputtering
was composed of a Fe disk of 100
mm¢, geometrically arranged B disks
of 11.3 mm¢ and small Fe square
sheets with dimension ranging from
3 -x 3 mm 2 to 8 x 8 mm2 • The area
ratios of B to Fe were controlled
by varying the number of the B disk
and the dimension of the Fe sheet.
(Fig. 2) Rf-sputtering was car-
ried out by using Ar gas as a sput-
tering gas. An optimum rf-sputter-
ing condition is sho,~ in Table 1.
Water cooling
Fig.l Rf-sputtering apparatus
Fig.2 Typical assembly of the
target for co-sputtering
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Table 1 The rf-sputtering conditions for
the film preparation
Target Fe, B disk
Substrate Slide glass, Polyimide film
Gas Ar
Pressure -210 nnn Hg
Power 100 w
Time 2
-
6 hr
The chemical composition of rf-sputtered films was determined with
using atomic absorption spectrometer and EMX. The X-ray diffraction
patterns were taken by using Cu-Ka. radiation monochromatized by a
graphite monochrometer. DTA was carried out up to 600°C in N2 atmos-
phere with a heating rate 10°C/min.. The MBssbauer spectra were
measured at room temperature using radiation from S7 Co in Pd metal
with multichannel analyzer(200 channel). Calibration was based on
the MBssbauer spectrum of Fe metal.
B Area Cov....age (at~'" )
Chemical composition of
the sputtered FelOO_xBx
films vs. B area coverage
on target
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Fig. 3, it was confirmed that the
average composition of the film was
3. Results and Discussion
3.1 Chemical composition
In connnon sputtering method fabrication of a number of targets
with various compositions were necessary to obtain the alloy films
with a wide composition range. In addition to ;this laborious work, it
was practically difficult to fabricate a large size of targets con-
taining elements with high melting point. To avoid these inconven-
iences, the co-sputtering technique
was attempted to prepare Fe-B amor-
phous alloys. The target used for
the co-sputtering was composed of
a Fe disk, B disks and Fe sheets as
shown in Fig. 2. The B disks, on
which Fe sheets were placed, were
distributed on the Fe disk as uni-
formly as possible. The chemical
composition of the co-sputtered
films was controlled by varying the
number of theB disk or the dimen-
sion of the Fe sheet. As shown in
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3.2 Film thickness
A linear relationship between
thickness of the film and the
sputtering time is observed as
shown'in Fig. 5. The growth rate
of Fe62B38 film is 0.18 ~m/hr,.
which 'is larger than that ofthe'B
rich alloy film because of the
lower melting point of Fe metal.
in proportion to the area ratio of Bmetalloidto Fe metal on the
target. On comparing the area ratio of Bto Fe, the amount of the B
atoms contained in the sputtered films ~s less b~cause of great dif-
ference in the melting;points between B~2225°C) and Fe(1535°C) metal.
The homogeneity of the compo-
sition of the films was examined by
means of EMX. Fig. 4 shows the
results of line scanning analysis
for Fe-Ka andB-Ka radiation from
the Fe69B31 film deposited onto
the sl:ide glass-substrate. 'From
that results, it is confirmed that
theal16Y film prepared by co-
sputtering has'a homogeneous com-
position'over the whole film.
sputt,ering time
Film thickness of the.
sputtered FelOO_xBx
films as a function of
Fig.5
of Fen B23 film
pattern as shown
Structure and crystallization
The reflection electron dif-
3.3
fraction pattern
showed only halo
in Fig. 6.
The X-ray dif~rad:ion pattern of the film also showed a typical
amorphous pattern as shown in Fig. 7a).'· On annealing above the
crystallization temperature descrived later, several diffraction
lines were appeared as seen in Fig. 7 b)'. The results of X-ray
. .
analysis of the as-sputtered and heat-treated films are summarized
in Table 2. . The. chemical composition of the amorphous FelO:O_xBx
films prepared by rapid-quenching was limited within 12 < x < 25.
As seen in Table 2, the upper limit of B content was extended to 42
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Fig.6 Reflection electron
diffraction pattern
of Fe n B23
Fig.7 X-ray diffraction patterns
of the sputtered Fe71B29
film before and after heat
-treatment
Table 2 Heat-treatment conditions and precipitated crystal phases
Composition As-sputtered film Temperature Crystal phases
Fen B23 amorphous 440°C a-Fe, Fe2B
460°C a'-Fe, Fe 2B
Fen B29 amorphous 480°C a-Fe, Fe2B
Fe 62 B38 amorphous 460°C Fe2B, FeB, a-Fe
Fe58B42 amorphous 460°C Fe2B, FeB, a-Fe
by applying the co-sputtering technique. Nowick and Mader pointed
out that amorphous structures were not obtained at any compositons for
alloys composed of elements differing in size by less than 14 %, but
amorphous structures were obtained in the composition range of ca. 30
- 50 % in the case of differing in size by 27 % (1). In the present
case the difference of size between Fe and B atoms is ca. 29 %, re-
sulting in a wide composition range for the amorphous FelOO_xBx films.
DTA of the amorphous FelOO_xBx films was carried out to determine
the crystallization temperature. An example of DTA curve is shown in
Fig. 8, where an exothermal peak assigned to crystallization of the
amorphous film is observed at 458°C. The crystallization temperature
of the amorphous FelOO_xBx films rises with increasing the amount of B
content in the composition range of 23 < x ~ 36, but the crystalliza-
tion temperature falls with increasing B atom in the range x > 36 as
shown in Fig 9.
The structure of amorphous Fe80B20 involves the fundamental units
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corresponding to the smallest form
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face centered cubic and B atoms
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Crystallization tempera-
ture vs. B content for the
amorphous FelOO_xBx films
Fig.9located at the center of the Fe6
trigonal prism (6-7). Since the
amorphous structure is stabilized
by the BFe6 units, it is reasonable
that the crystallization temperature of the amorphous FelOO_xBx films
rises with increasing B atom in the film with x less than 36. On the
other hand, the crystallization temperature falls with increasing B
atoms in the composition range of x > 36. Furthermore, as shown in
Table 2 three crystal phases, FeB, FeZB and a-Fe(minor),precipitated
in the amorphous films with the composition of x > 36, even though
coexistance of three crystal phases was not expected from the phase
diagram (8). From 'these experimental results in the composition range
of x > 36 the following structural models are deduced.
1) The structure of the amorphous FelOO_xBx film with x > 36
seems to contain a large number of B-B bond to form a zigzag chain of
B atoms, resulting in the formation of the small structure unit as
FeB, in which B atoms form infinite chains. Increasing the number
of the B-B bond makes more easy the crystallization of FeB.
2) On heating the film, FeB was preferentially precipitated in the
film, subsequently the crystallization of Fe2B and a-Fe in the Fe rich
amorphous matrix.
3.4 MBssbauer spectra
MBssbauer spectra of the amorphous FelOO_xBx films show broad six
lines as shown in Fig. 10. The broadness of the line is caused by
hyperfine field distribution commonly observed in amorphous magnetic
materials. It is well known that the intensities of the six lines
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creasing of B
value of H. t monotonously de-"l.n .
creases with increasing B content.
G.Shirane et al. found a linear
relationship between magnetic
moment and H. t in alloys of Fel.n .
and metalloids (11). Because the
reduction of magnetic moment means
an increase of the amount of 3d
Fe atoms,
have an angular dependence between
the direction of the magnetic field
axis of quantization and the direc-
tion of the emmission of the y-ray,
i.e. those have an area ratio of
3:2:l:l:2:3( randomly oriented mag-
netization axis ); 3:4:l:l:4:3( mag-
netization axis in perpendicular to
the y-ray ) (9). It is apparent
from Fig. 10 that the spectra of
the as-sputtered film at 300 K
show an area ratio close to 3:4:1:1
:4:3. It is indicated that the
magnetization axis remains complete-
ly in the plane. This result
agrees precisely with one that
Chien et al. observed on the
M~ssbauer spectrum of the FeSOB20
amorphous alloy prepared by rapid-
quenching (10). Consequently,
there is no difference of magnetic
structure between the rf-sputtered
film and the amorphous ribbon pre-
pared by rapid-quenching.
In M~ssbauer spectra the in-
ternal magnetic field, H. t ' isl.n .
evaluated by the width between left
and right end line of all the six
lines. As shown in Fig. 11, the
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the charge transfer of the p electrons of B atoms to Fe atoms takes
place to result the increasing of number of the localized electrons on
Fe atoms in the amorphous FelOO_xBx films within composition range of
23 < x < 42.
Acknowledgements
The authors wish to thank Dr.M.Shimada( Osaka University) for
the M~ssbauer effect measurement.
This research was supported in part by a Grant-in-Aid for Scien-
tific Research from the Ministry of Education.
References
(1) S.Mader and A.S.Nowick, App1. Phys. Lett., 2(1965), 57-59.
(2) D.E.Po1k and H.S.Chen, J. Non-Cryst. Solids, 15(1974), 165-173.
(3) D.E.Polk and H.S.Chen, ibid. , 15(1974), 174-178.
(4) H.S.Chen and C.E.Miller, Rev. Sci. Instrum., 11(1970), 1237-38.
(5) N.Tsua, K.I.Arai and T.Ohsaka, IEEE Trans. Magn. ,MAG-14(1978),
941.
(6) U.Herold and U.K~ster, Z. Meta1k., 69(1978), 326.
(7) U.Herold and U.KBster, Rapid Quenched Metals III, !(1978), 281.
(8) William G.Moffatt, " The handbook of binary phase diagrams"
vo1.1, General Electric Co. (1978).
(9) G.K.Wertheim," M~ssbauer Effect; Principles and Applications"
Academic Press (1964), pp.69.
(10) C.L.Chien and R.Hasegawa, " Amorphous Magnetism II ", Plenum
Press (1977), pp.225.
(11) G.Shirane, W.J.Takei and S.L.Ruby, Phys. Rev., 126(1962), 49-52.
